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The  aim  of this  study  was  to  test a pellet  formulation  in  a sodium  alginate  matrix  of Dudding-
tonia  ﬂagrans  in  the  biological  control  of goat  gastrointestinal  helminths  kept  in a  native
pasture  in  a  semi-arid  region  of Paraíba  state,  northeastern  Brazil.  An area  of  2.4 ha was
divided into  three  paddocks,  where  groups  of seven  goats  ware  formed.  Each  group  received
the following  treatments  during  the months  of  March  to August  2011:  D. ﬂagrans  group,
received  3 g  of  pellets  containing  D. ﬂagrans  (AC001)  for each  10 kg/l.  w.,  twice  a week;
Moxidectin  0.2%  group,  received  0.2  mg/kg  of Moxidectin  0.2%  orally,  every  30 days;  Con-
trol group,  received  3 g  of pellets  without  fungi  per  10 kg/l.  w.,  twice  a week.  Each  month,richostrongyles a tracer  goat  was  placed  in each  group  for  30  days  and  then  sacriﬁced  and  necropsied.  The
D. ﬂagrans  group  showed  a  greater  reduction  in  EPG,  increased  weight  gain,  higher  rates  of
packed cell  volume  and lower  parasitic  load  burden  in  the tracer  goats  compared  to  Mox-
idectin 0.2%  and  Control  groups.  D.  ﬂagrans  was  efﬁcient  in controlling  goat  gastrointestinal
helminthiasis  in  a semi-arid  region  of  northeastern  Brazil.. Introduction
Goat farming is an important activity for the north-
astern Brazil, especially in the semi-arid region, where
oat  meat is considered the main source of animal protein.
lthough numerically signiﬁcant, this goat herd has consid-
rably  low production rates that depend on various factors
n  which the gastrointestinal helminths have a prominent
lace.
On  the other hand, the indiscriminate use of
nthelmintics due to the lack of technical information
y producers developed resistance to several molecules
vailable on the market, especially Ivermectin, Moxidectin,
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Albendazole and Levamisole, creating major problems
in controlling parasites in the semi-arid region of Brazil
(Rodrigues et al., 2007; Lima et al., 2010).
In this context, the search for alternatives to controlling
gastrointestinal helminths in small ruminants has been
widely encouraged. The use of nematophagous fungi in
the  formulations based on sodium alginate has been a
promising option for in vivo and in vitro control in several
parasites of domestic animals, including goats (Paraud
et  al., 2007; Braga et al., 2009; Silva et al., 2011; Ferreira
et al., 2011). They produce traps that capture and ﬁxate
the  nematodes, killing them by destroying their internal
organs (Araújo et al., 2007). The sodium alginate pellets
Open access under the Elsevier OA license.containing fungi can be kept in stock and are made of inert
materials, which show potential for livestock use. After
orally  administration, the pellets can be excreted in feces
for  up to 120 h (Araújo, 2009). Clinical parasitism does not
y Parasi128 V.L.R. Vilela et al. / Veterinar
occur when the nematophagous fungi are administered
due to a larvae decrease in the pasture, reducing animal
re-infection, leaving them able to develop a natural immu-
nity against nematodes (Araújo, 1996). D. ﬂagrans is the
most studied fungal specie for the control of gastrointesti-
nal helminths in domestic animals and is considered the
most promising (Larsen et al., 1998; Faedo et al., 2002).
Moreover, it has been successfully used for controlling
helminth parasites in the livestock ﬁeld (Silva et al., 2009,
2010; Tavela et al., 2011).
This study’s objective was to evaluate the use of a pellet
formulation in a sodium alginate matrix of D. ﬂagrans in
the biological control of goat gastrointestinal helminths in
a native pasture of the semi-arid region of Paraíba state,
northeastern Brazil.
2. Materials and methods
2.1. Organisms
An isolate of D. ﬂagrans (AC001) was maintained at 4 ◦C
in the dark and in test tubes containing 2% of corn-meal-
agar (2% CMA). The isolate, taken from soil in the region
of Vic¸ osa, Minas Gerais state, Brazil, was obtained by the
method of soil spreading described by Duddington (1955),
and modiﬁed by Santos et al. (1991).
Fungal mycelia were obtained by transferring culture
disks (approximately 5 mm diameter) of fungal isolates in
2% CMA  to 250 mL  Erlenmeyer ﬂasks with 150 mL  liquid
potato-dextrose medium (Difco), pH 6.5, and incubated
under agitation of 120 × g in the dark at 26 ◦C, for 10 days.
Mycelia were then removed for pelletizing using sodium
alginate as described by Walker and Connick (1983) and
modiﬁed by Lackey et al. (1993).
2.2. Experimental assay and animals
The experiment was conducted at the Federal University
of Campina Grande (UFCG), Nupeárido farm, located in the
city of Patos, Paraíba, northeastern Brazil, latitude 7◦1′28′′S,
longitude 37◦16′48′′W,  from March to August 2011. The
region has a semi-arid climate with a rainy season from
January to May, when occurs an average of 98.6% of annual
rainfall, and a dry season from June to December (Vilela
et al., 2008).
An area of 2.4 ha was divided into three paddocks,
each one was previously infested for 30 days by two
grazing goats, Moxotó breed, males, 10 months old, aver-
age EPG of 5283 ± 1286, being 48% of Haemonchus sp.,
43% of Strongyloides sp., 8% of Trichostrongylus sp. and
1% of Oesophagostomum sp. The native pasture paddocks
were predominantly made up of Sida cordifolia, Croton
sonderianus, Pithecolobium dumosum,  Cheilanthes bauhinia,
Combretum leprosum, Mimosa tenuiﬂora, Desmodium sp.,
Firmulus phaseolus,  Senna sp., Zornia sp. and Pilosocereus
pachycladus.
Were used 21 permanent male goats, with a mean age
of 6 months, crossbred Boer × Saanen. Fifteen days before
the beginning of the experiment, the animals received the
oral anthelmintic Levamisole Hydrochloride (5 mg/kg l. w.)
for three consecutive days. Seven days after the ﬁrsttology 188 (2012) 127– 133
de-worming were counted the eggs per gram of feces
(EPG), by the technique of Gordon and Whitlock (1939),
three tests from the same sample, where all animals were
negative.
The animals were randomly divided into three groups:
D. ﬂagrans group, each animal received 3 g of pellets
(0.6 g of mycelium) containing D. ﬂagrans (AC001) for each
10 kg l. w.,  twice a week for 6 months; Moxidectin 0.2%
group received 0.2 mg/kg of Moxidectin 0.2% orally, every
30 days, for 6 months; Control group, each animal received
3 g of pellets without fungi per 10 kg l. w., twice a week for
6 months. Each group was kept in a paddock at a stocking
rate of 0.3 animal unit per hectare. Every day, all animals
were supplemented with protein-energy concentrate at a
concentration of 0.75% l. w.,  with balanced mineral salt and
water ad libitum. To prevent deaths, salvage anthelmintic
treatments were performed individually when the animal’s
packed cell volume (PCV) was  less than 16%, being used
Levamisole Hydrochloride (5 mg/kg l. w.).
Each month, three Boer × Saanen male tracer goats,
mean age of 8 months, without gastrointestinal nema-
todes by treatment with Levamisole Hydrochloride
(5 mg/kg l. w.), were placed in the permanent herd, one
in each paddock, for 30 days without receiving any treat-
ment. After this period, the animals were removed from
the paddocks and remained in individual boxes for 14
days, and fed with Leucaena leucocephala hay (13%), corn
(47%), Pennisetum purpureum (17%), and balanced mineral
salt (3%). Then, the animals were sacriﬁced and necrop-
sied, according to international standards set by the World
Association for the Advancement of Veterinary Parasitol-
ogy (WAAVP), described by Vercruyse et al. (2002).  The
animals’ abomasums were opened at their greatest curva-
ture and the contents were stored in a container, where
the total volume was  kept in formaline 5%. The abomasum
was  submerged in a saline solution at 39 ◦C for 6 h, being
collected the sediment, which was preserved in formaline
5%. Similar procedures were performed for the small and
large intestines. The counting and identiﬁcation of recov-
ered helminths were performed according to Ueno and
Gonc¸ alves (1998).
Every 7 days, feces samples from the permanent animals
were collected directly from the rectum to evaluate the EPG
and coproculture (Roberts and O’Sullivan, 1950). Every 15
days, the animals were weighed for the constant ponderal
development monitoring. Every 30 days, blood samples
were collected by puncturing the jugular vein in vacu-
taiener tubes containing EDTA. The PCV was determined
with the blood, as well as the total and differential counts
of leukocytes, according to Ferreira Neto et al. (1981).
Meteorological data such as temperature, relative
humidity and rainfall were monthly collected from a UFCG
specialized station (Fig. 1).
2.3. Statistical analysis
The data were subjected to an analysis of variance
(ANOVA) of one-way and Tukey’s test at 5% probability.
EPG values were analyzed using the logarithmic trans-
formation log(x + 1), however, they are present in the
ﬁgures as arithmetical averages of the unchanged values.
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the weight of D. ﬂagrans and Moxidectin 0.2% groups, butig. 1. Monthly total rainfall (mm),  mean relative humidity (RH%), maxi
araíba,  Brazil.
nalyses were performed using the BioEstat 5.0 software
Ayres et al., 2007).
. Results
The groups EPG mean were similar until April, observing
 statistical difference between groups (p < 0.05) in the fol-
owing months (Fig. 2). In the D. ﬂagrans group, the initial
PG was 4864, sustaining a gradual decrease throughout
he experimental period, reaching 2000 in August. A sta-
istical difference between this and the Control group was
bserved since May  2011 (60 days after the beginning of the
reatments). The Moxidectin 0.2% was unable to reduce the
PG in animals.
In the D. ﬂagrans group only one goat needed once
e-worming, at the end of April. In the Moxidectin 0.2%
roup, ﬁve goats needed de-worming, two received one
osage, at the end of May, two received three dosages, at
he end of May, June and August, and one goat received
our dosages, at the end of April, May, June and August. In
he Control group, all animals needed de-worming, three
oats received one dosage, one at the end of March and two
t the end of April, one goat received two dosages, at the
ig. 2. Monthly averages and standard deviations of the counting of eggs
er gram of feces (EPG) of goats from the groups D. ﬂagrans, Moxidectin
.2% and the Control, collected from March to August 2011. The values
ollowed by the same capital letters are similar (p > 0.05) – Tukey’s test.ean and minimum temperature (◦C) from March to August 2011, Patos,
end of April and May, two goats received six dosages, one
at the end of each month during the experiment and one
goat received four de-wormings until April, but had acute
Haemonchosis, with signs of profound anemia and dewlap
edema, a blood transfusion was performed, but the animal
did not resist and died. The animal was necropsied, and
the helminths recovered. The abomasum presented 3942 of
Haemonchus contortus and 1198 Trichostrongylus axei, the
small intestine had 665 Trichostrongylus colubriformis and
620 Strongyloides papillosus,  the large intestine presented
236 Oesophagostomum columbianum.
The ﬁrst quarter of the experiment had the prevalence of
Strongyloides sp. in fecal cultures of all groups, followed by
Haemonchus sp. (Table 1). But the last quarter had a reversal
and the Haemonchus sp. became predominant, followed by
Strongyloides sp. During the experiment, Trichostrongylus
sp. was the third most prevalent, followed by Oesophagos-
tomum sp.
There was no statistical difference (p < 0.05) betweena statistical difference (p > 0.05) was  observed in these
groups and the Control group after March (Fig. 3), with an
emphasis in D. ﬂagrans that, at the end of the experiment,
Fig. 3. Arithmetic mean and standard deviations of the live weight of
goats from the groups D. ﬂagrans, Moxidectin 0.2% and the Control, col-
lected from March to August 2011. The values followed by the same capital
letters are similar (p > 0.05) – Tukey’s test.
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Table  1
Percentage of third stage larvae of Haemonchus sp. (H), Trichostrongylus sp. (T), Oesophagostomum sp. (O) and Strongyloides sp. (S) in fecal cultures of goats
from  the groups D. ﬂagrans, Moxidectin 0.2% and Control, between March and August 2011.
Groups March April May  June July August
D. ﬂagrans
H 29 41 49 63 77 84
T  9 5 1 4 6 3
O 0 0 0 0 1 0
S 62 54  50 33 16 13
Moxidectin 0.2%
H 24 8 8 84 88 93
T  2 1 0 15 6 3
O  0 0 0 0 0 1
S 74  91 92 1 6 3
H  35 37 76 82 89 83
2 
0 
61Control
T  10 
O  2 
S 53
the animals had a 9.3 kg of weight gain. The Moxidectin
0.2% group had 5.7 kg of weight gain, and in the Control
group, the animals had a 1.1 kg weight reduction.
Comparison of mean PCV showed a statistical differ-
ence (p < 0.05) between the D. ﬂagrans group and the other
groups in April, May  and August (Fig. 4).
In the leukogram was  observed an increase in the aver-
age of the total leukocyte count, with a statistical difference
(p < 0.05) in April, June and July (Table 2). It was  also
observed that in most collections, the segmented percent-
age was high and the lymphocytes percentage was  reduced.
However, rates of eosinophils remained normal in all col-
lections.
It was observed that the tracer goats from the D. ﬂagrans
group had a signiﬁcantly lower parasite load compared to
the other groups (p < 0.05) since April (Table 3). In most
cases, H. contortus was  the most prevalent, followed by
T. axei, S. papillosus,  T. colubriformis and O. columbianum.
Immature larvae of H. contortus were observed in all groups
since July.
4. DiscussionThis study was the ﬁrst to test the efﬁcacy of D. ﬂa-
grans in the control of goat gastrointestinal helminths in
a semi-arid region of northeastern Brazil. The use of these
Fig. 4. Percentage of packed cell volume (PCV) of goats from the groups D.
ﬂagrans,  Moxidectin 0.2% and Control, between March and August 2011.2 10 2 4
0 0 1 0
22 8  8 13
fungus pellets in a sodium alginate matrix at a dose of
3 g/10 kg l. w., twice a week, proved to be effective in con-
trolling gastrointestinal worms, reducing the EPG in 58.9%,
even at high temperatures, which reached 33.7 ◦C, and low
rainfall, averaging 45.5 mm3 in the second quarter. Similar
results were found by Silva et al. (2009),  who  adminis-
tered the same fungus in sheep at doses of 1 g of pellets
(0.2 g of fungus/10 kg l. w.) in Southeastern Brazil, twice
a week for 5 months, and obtained a 71.6% EPG reduc-
tion. In another work, Silva et al. (2010) demonstrated
the effect of this fungus on gastrointestinal nematodes of
sheep (June–November 2010) with average percentage of
EPG decreasing in the treated group compared to the con-
trol group. These results are similar to those presented
in this study, since there was  an average EPG decrease
conﬁrming that the action of this fungus is in the faecal
environment. The mycelia used in the present experiment
had been proven effective in previous studies carried out
in Brazil (Assis and Araújo, 2003; Braga et al., 2009; Silva
et al., 2009, 2010; Tavela et al., 2011). Sagués et al. (2011)
also observed an EPG reduction in sheep by D. ﬂagrans in
Argentina. Other studies have also showed the effective-
ness of this fungus in controlling animal helminths (Araújo
et al., 2004; Dias et al., 2007; Paraud et al., 2007; Braga et al.,
2009; Tavela et al., 2011).
Rodrigues et al. (2007) reported the efﬁcacy of Mox-
idectin in dairy goats in the Paraíba backwoods, Brazil,
where reduction rates ranged from 92.6% to 98.1%. On  the
other hand, the resistance to anthelmintic drugs becomes a
serious problem in countries with small ruminants indus-
try (Thomaz-Soccol et al., 2004; Vieira et al., 1992).
In present study, there was  not an EPG decrease in the
Moxidectin 0.2% group, even being given every 30 days.
In sheep raised in Brazil, H. contortus is the main parasite
involved in cases of Moxidectin resistance (Thomaz-Soccol
et al., 2004; Silva et al., 2008). These results are consistent
to the previously reported, with a possible resistance to
moxidectin. However, the authors suggest the association
of biological control with chemical control, which could
help in reducing of helminth infections.In the coprocultures, there was  a predominance of
Strongyloides sp. in the ﬁrst quarter, probably due to the
goats being young, with a mean age of 8 months, being
more susceptible to infection by this gender. In the
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Table  2
Total and differential leukocyte counting of goats from the groups D. ﬂagrans, Moxidectin 0.2% and Control, between March and August 2011.
Groups Reference valuesa March April May  June July August
D. ﬂagrans
Total 4.0–12.0 (×103 L−1) 18.1A 15A 16.5A 18.7B 13.7B 11.1A
Seg 30–48 (%) 60 48 43 53 44 44
Eos  1–8 (%) 1 3 3 4 2 2
Lym 50–70 (%) 37 47 54 42 53 52
Mon 0–4  (%) 2 2 0 1 1 2
Moxidectin 0.2%
Total 4.0–12.0 (×103 L−1) 18A 13B 13.1A 11.4C 15.3B 9.4A
Seg 30–48 (%) 59 56 48 47 50 45
Eos  1–8 (%) 1 1 3 2 2 2
Lym 50–70 (%) 37 41 48 51 46 51
Mon 0–4  (%) 3 2 1 0 2 2
Control
Total  4.0–12.0 (×103 L−1) 16.5A 19.1A 17.4A 26.1A 20.6A 12.4A
Seg 30–48 (%) 57 58 50 63 51 46
Eos 1–8  (%) 2 6 2 1 2 3
Lym 50–70 (%) 39 35 48 35 47 51
Mon  0–4 (%) 2 1 0 1 0 0
S e values
T
s
H
w
f
T
N
H
f
teg: segmented; Eos: eosinophil; Lym: lymphocyte; Mon: monocyte. Th
ukey’s test.
a Reference values to goats (Jain, 1993).
econd quarter, there was the predominance of
aemonchus sp., corroborating with Araújo et al. (2007),
ho observed a greater percentage of this gender in goat
eces in a semi-arid region of Ceará, Brazil.
able 3
umber and species of helminths of the tracer from the groups D. ﬂagrans, Moxid
Groups Species Marc
D. ﬂagrans
F 1120
Hc  M 761
L4 0
Ta
F  245
M  166
Sp F 727
Tc
F  105
M 71
Oc
F  0
M  0
Total 3195
Moxidectin 0.2%
F 1005
Hc  M 683
L4  0
Ta
F  620
M  372
Sp  F 712
Tc
F  160
M  96
Oc
F  22
M  15
Total 3687
Control
F 1115
Hc  M 780
L4  0
Ta
F 86
M  60
Sp  F 1300
Tc
F  37
M  26
Oc
F  27
M  19
Total 3430
c: Haemonchus contortus; Ta: Trichostrongylus axei; Sp: Strongyloides papillosus; T
emale; M:  male; L4: immature form of Haemonchus contortus. The values follow
est. followed by the same capital letters on columns are similar (p > 0.05) –
Due to the high rainfall in April and May, there was  a rise
in the EPG caused by the humidity’s increase, which con-
tributed to a higher re-infection in animals. In the same
period, there was a decrease in the PCV. Therefore, all
ectin 0.2% and Control, between March and August 2011.
h April May June July August
 221 356 286 149 226
 143 222 208 71 176
 0 0 0 10 60
 0 236 65 189 24
 0 132 32 134 11
 107 384 214 46 312
 0 110 48 124 0
 0 88 31 79 0
 0 34 0 33 0
 0 14 0 12 0
A 471B 1576B 884B 847B 859B
 647 584 613 1876 1328
 420 362 415 1448 1134
 0 0 0 234 1032
 1225 1114 1450 915 986
 808 789 1243 768 789
 1998 1100 777 202 168
 525 326 443 114 238
 341 244 220 89 178
 0 29 0 33 57
 0 12 0 26 49
A 5954A 4560A 5191A 5705A 5959A
 1344 1267 1435 2427 1876
 873 796 966 1554 1455
 0 0 0 120 986
672 595 427 678 890
 470 393 225 365 580
 1478 1324 1660 221 131
 288 211 43 326 473
 201 124 13 125 250
 0 22 0 26 46
 0 10 0 11 21
A 5319A 4762A 4409A 5763A 6708A
c: Trichostrongylus colubriformis; Oc: Oesophagostomum columbianum; F:
ed by the same capital letters on columns are similar (p > 0.05) – Tukey’s
y Parasi132 V.L.R. Vilela et al. / Veterinar
animals in the Control group and ﬁve animals in the Mox-
idectin 0.2% group required salvage de-worming during
this period. D. ﬂagrans was able to prevent re-infection,
where only one animal required salvage de-worming.
It was observed that the D. ﬂagrans group increased
65% in weight, the Moxidectin 0.2% group increased 38%
and the Control group had a 9% of reduction in weight.
Chandrawathani et al. (2004) observed that the sheep
greater weight gain in Malaysia occurred in the group
receiving. D. ﬂagrans. On the other hand, Silva et al. (2009)
found no statistical difference (p > 0.05) in the weight of D.
ﬂagrans group and the Control group.
The PCV of D. ﬂagrans group were higher than the other
groups throughout the experiment, demonstrating that
this group had a better physiological response against gas-
trointestinal parasitism. These results disagree with Silva
et al. (2010),  who observed that the PCV of sheep receiving
D. ﬂagrans was slightly lower than the other groups.
In the leukocyte counts, changes were observed due to
the occurrence of bacterial diseases of respiratory origin
which affected all the animals in the experiment, explain-
ing chronic leukocytosis with neutrophilia. The animals
were affected mainly in April and May, the rainy season,
where the relative humidity was high. To avoid possible
interference in the anthelmintic treatment, no antibiotic
treatments were performed, explaining the persistence
of changes in the exams until the month of July, when
the rainfall and relative humidity had already decreased,
allowing the animals to overcome the infection.
D. ﬂagrans was able to reduce larvae in the pasture,
because the tracer goats introduced into this paddock had a
signiﬁcantly lower helminth load than other groups. Araújo
et al. (2007) also observed signiﬁcant reductions in tracer
goat helminth load in groups treated with Monacrospo-
rium thaumasium in the semi-arid region of Ceará, Brazil.
Graminha et al. (2005) observed reductions in the amount
of H. contortus and T. colubriformis in sheep receiving
Arthrobotrys musiformis in São Paulo, Brazil.
Chiejina and Fakae (1989) observed in Nigeria, under
similar environmental conditions to these, that goat feces
reach complete dehydration in 24 h during the dry season.
Araújo et al. (2007) advised that the use of nematophagous
fungi in a semi-arid environment must occur in the rainy
season, due to the fast drying of small ruminant feces and
the greater availability of infective forms in the pastures.
However, in this study, a high parasite load was observed
in the pastures during the dry season. This is because,
even with the increase in temperature, reduced rainfall,
humidity and feed, there are microenvironments, espe-
cially close to water reservoirs, where the humidity and
temperature conditions become suitable for fodder devel-
opment, and with increasing grazing pressure, the animals
are strongly re-infected. Therefore, in semi-arid places that
have this re-infection condition, the use of nematophagous
fungi must also occur in the dry season. The mycelial
pellet did not affect the fungal predatory capability, as
observed in other studies that used this nematophagous
fungi administration form for animals (Araújo et al., 2007;
Dias et al., 2007; Braga et al., 2009; Silva et al., 2010).
These studies highlight the effectiveness of biological con-
trol with nematophagous fungi in reducing the pasturetology 188 (2012) 127– 133
contamination by Trichostrongyles and Strongyles larvae
in small ruminants.
5. Conclusion
D. ﬂagrans was effective in the biological control of goat
gastrointestinal helminths in a semi-arid region of north-
eastern Brazil.
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